Abstract To evaluate the effects of heat acclimation on sweat rate redistribution and thermodynamic parameters, 9 tropical native volunteers were submitted to 11 days of exercise-heat exposures (40Ϯ0°C and 45.1Ϯ0.2% relative humidity). Sudomotor function was evaluated by measuring total and local (forehead, chest, arm, forearm, and thigh) sweat rates, local sweat sodium concentration, and mean skin and rectal temperatures. We also calculated heat production (H), heat storage (S), heat exchange by radiation (R) and by convection (C), evaporated sweat (E sw ), sweating efficiency (h sw ), skin wettedness (w sk ), and the ratio between the heat storage and the sum of heat production and heat gains by radiation and convection (S/(HϩRϩC)). The heat acclimation increased the whole-body sweat rate and reduced the mean skin temperature. There were changes in the local sweat rate patterns: on the arm, forearm, and thigh it increased significantly from day 1 to day 11 (all pϽ0.05) and the sweat rates from the forehead and the chest showed a small nonsignificant increase (pϭ0.34 and 0.17, respectively). The relative increase of local sweat rates on day 11 was not different among the sites; however, when comparing the limbs (arm, forearm, and thigh) with the trunk (forehead and chest), there was a significant higher increase in the limbs (32Ϯ5%) in comparison to the trunk (11Ϯ2%, pϭ0.001). After the heat acclimation period we observed higher w sk and E sw and reduced S/(HϩRϩC), meaning greater thermoregulatory efficiency. The increase in the limb sweat rate, but not the increase in the trunk sweat rate, correlated with the increased w sk , E sw , and reduced S/(HϩRϩC) (pϽ0.05 to all). Altogether, it can be concluded that heat acclimation increased the limbs' sweat rates in tropical natives and that this increase led to increased loss of heat through evaporation of sweat and this higher sweat evaporation was related to higher thermoregulatory efficiency.
Introduction
Heat acclimatization involves natural exposure to a hot environment and leads to improved ability to exercise in the heat. Heat acclimation (HA) produces similar responses, but is accomplished in artificially controlled environmental chamber. Heat acclimatization and HA result in similar physiological adaptations if all factors are identical in both environments (Armstrong and Maresh, 1991) .
HA is caused by chronic increase in body temperature and leads to numerous adaptations in humans such as decreased heart rate, internal and mean skin temperatures and enhanced sweat secretion that culminates in increased tolerance to exercise in hot environments (Nadel et al., 1974; Patterson et al., 2004; Machado-Moreira et al., 2005; Magalhães et al., 2006) . In addition to the increased whole-body sweat production, it has been noted that acclimation to exercise in the heat can change the local sweat rate pattern among body regions, that is, causes sweat redistribution (Patterson et al., 2004; Höfler, 1968; Shvartz et al., 1979) . Fox et al. (1964) were probably the first to notice that during HA, although whole-body sweat rate increased 50%, local arm sweat rate increased 300% possibly indicating sweat redistribution. However, a more comprehensive evaluation was provided by Höfler (1968) and Shvartz et al. (1979) trunk in response to HA. The authors speculated that this response was because the limbs have a favorable area-to-mass ratio for heat dissipation and a higher sweat rate in the limbs would favor sweat evaporation and therefore thermal homeostasis. More recently, Regan et al. (1996) reported a higher increase in the forearm sweat rate in comparison to the forehead after the HA, strengthening the preferential limb sweat redistribution hypothesis.
However this pattern does not appear to be a universal observation following HA. Cotter et al. (1997) did not observe sweat redistribution after a 6-day HA period and neither did Inoue et al. (1999) after 8 days of HA. The duration of the protocols used in those studies might have been too short to induce local sudomotor adaptation. The hypothesis of the preferential sweat redistribution to the limbs was recently confronted with a well-controlled study (Patterson et al., 2004) in which the authors used a humid and hot environment to acclimate the subjects but did not observe a higher increase in the sweat rate in the limbs. They described that probably the increase in the local sweat rates are due to adaptations of the local sweat gland. For instance, glands below their capacity would show the highest increase in the sweat rate. Therefore, it is still not completely established which effect HA has on local sweat rate adaptation.
Many authors have described sweating differences between tropical and nontropical natives (Thomson, 1954; Kuno, 1956; Fox et al., 1974; Hori et al., 1976; Nguyen and Tokura, 2003) . It has been suggested that tropical natives have a more efficient thermoregulatory system (Hori, 1995) relying more on dry heat exchange (radiation and convection) because of higher skin temperature and, therefore, requiring less sweat production and evaporation for temperature control. Nguyen and Tokura (2003) showed that Vietnamese had a higher oscillation in internal temperature in comparison to Japanese, what could lead to less sweat production. Furthermore, Saat et al. (2005a) observed that tropical natives from Malaysia had lower sweat rate in the back, and higher skin and rectal temperatures during rest, exercise and recovery in comparison with Japanese. In addition, Saat et al. (1999) showed that sweat onset time was decreased after Malaysians moved to Japan, and this response was dependent on the time of residence in the temperate region, showing that adaptations acquired due to long stay in a hot region were lost in response to immigration to a cooler region. This evidence indicates that probably tropical natives have a higher set point for internal and skin temperatures than nontropical natives due to residence in a hot environment that enhances dry heat loss.
It has also been pointed out that long-term exposure to passive heat might alter HA responses (Hellon et al., 1956; Wyndham et al., 1952) . In fact, a recent study in our laboratory showed that sweating adaptation in tropical natives occurs in a nonclassical manner to HA (Magalhães et al., 2006) . Shapiro et al. (1981) observed no difference in sweat rate and rectal temperature in response to HA in the summer, when presumably the subjects were already naturally heat acclimated. Although there are many studies on HA responses in temperate climate inhabitants, HA responses in tropical natives are scarce. Because chronic exposure to heat might induce some adaptations that increase heat endurance in this population, it is interesting to consider how they would respond to a period of HA at the local sweat level. To the best of our knowledge, no studies are available that evaluate this response in tropical natives subjected to a period of HA.
Furthermore, heat-acclimated individuals experience less strain during exercise in the heat than nonacclimated ones (Patterson et al., 2004; Berglund and Gonzalez, 1977) . Considering that the thermal load during exercise that an individual has to deal with is the sum of the heat produced and the heat gained by radiation and convection, and the heat stored in the body is the result of the total thermal load minus the heat lost to the environment, then the ratio between heat storage and the sum of heat produced and heat gained by radiation and convection gives a measure of the thermoregulatory efficiency of the individual. We are unaware of any study that has evaluated by which means the human organism deals with a higher thermal load during exercise experienced after adaptation to exercise in the heat.
Thermodynamic computation requires simple data for its applicability and is a helpful tool in evaluating heat exchange in humans since its real measurement requires a calorimetric chamber and is technically difficult to apply. Although simple, we could not find many studies that used these equations to evaluate the main heat exchange avenues in heat-acclimated individuals during exercise.
Therefore, in the present study we evaluated sweat rate redistribution, local sweat sodium concentration, and local skin temperature following HA in tropical natives. In addition, we sought to evaluate, using thermodynamic computations, the main heat-exchange avenues after a period of adaptation to exercise in a hot dry environment. Specifically, we sought to evaluate how the heat-adapted human organism handles a high total thermal load with smaller strain.
Materials and Methods

Subjects
After responding to a medical questionnaire and being free of any diseases that could interfere with the results of the study, nine male subjects (age: 25.0Ϯ0.7 years; weight: 80.48Ϯ1.92 kg; height: 179.6Ϯ1.7 cm; body surface area: 2.00Ϯ0.03 m 2 ), inhabitants (from birth to at least 5 years of age and at least 3 years before the study) of a tropical region (Belo Horizonte, Minas Gerais, Brazil, latitude 19.5°S and longitude 43°W) volunteered to participate in this study. The study was conducted from June to September (end of fall and winter for the Southern Hemisphere). During the entire period of the experiment, subjects were asked to maintain their habitual diet in order to diminish the effect of food intake variation on the variables measured. The diet content was analyzed using DietPro 3.0. All procedures were in accordance with the Helsinki Declaration of 1975, and the Ethics Committee of research of the Federal University of Minas Gerais, Brazil, approved all procedures; written and informed consent was obtained from all the subjects.
Heat acclimation protocol
HA was accomplished by a total of 11 days of 1 hour/day exercise in the heat using a controlled-hyperthermia technique in which the work rate is modified in order for the subjects to maintain a target internal temperature during a given period of time (Patterson et al., 2004; Cotter et al., 1997; Fox et al., 1961 Fox et al., , 1967 ) (Regan et al., 1996) in 40Ϯ0°C and 45.1Ϯ0.2% relative humidity (rh). Wind speed was set at 1.4Ϯ0.1 m · s Ϫ1 and was provided by an electric fan (Arno SL40, series MH, 120W, São Paulo, Brazil). This environment was chosen based on previous studies that were successful in inducing HA (Shvartz et al., 1979; Regan et al., 1996) . The duration of the acclimation period was 13Ϯ0.4 days (range 12-15 days).
Body temperature
Each day the subjects were instructed to void their bladders and insert a rectal temperature probe (Yellow Spring Instruments, Series 400). Skin temperature probes (Yellow Spring Instruments, Series 400A) were attached to three skin sites: chest, arm, and thigh and mean skin temperature was calculated as following (Roberts et al., 1977) : 0.43 · T chest ϩ0.25 · T arm ϩ0.32 · T thigh . Mean body temperature was calculated as 0.8 · rectal temperature ϩ0.2 · mean skin temperature (Stolwijk and Hardy, 1966) . Heart rate (HR) was measured continuously (Polar Vantage NV, Kempele, Finland). Subjects were then moved to a climatic chamber (Russels Technical Products, WMD 1150-5, Holland, MI, USA) and rested for 5 min in a seated position while the baseline measurements were taken.
Local and total sweat rate and sweat sodium content
On days 1, 6, and 11 of HA we measured local sweat rates at 5 skin sites: forehead (middle of the forehead), chest (right side, between the nipple line and the clavicle), arm (upper right arm), forearm (proximal third of the anterior right forearm) and thigh (right mid-thigh) using the absorbent filter paper patches technique Saat et al., 2005b) during the entire second half of the exercise protocol (for 30 min). On adjacent skin regions to where we measured local sweat rate, we also measured local skin temperature. Sweat sodium concentration was measured according to Kirby and Convertino (1986) with slight modifications: the sweat collected by the absorbent filter paper was calculated and diluted 50 times with distilled water. Sweat sodium concentration was measured by flame spectrophotometry.
Whole-body sweat rate (Ṁ sw ) was calculated by the difference in pre-and post-exercise nude body weights (Filizola® MF-100 scale, precision of 0.02 kg, São Paulo, SP, Brazil), normalized by body surface area (A D , (Dubois and Dubois, 1916) ) and divided by time, uncorrected for metabolic or respiratory variations.
Aerobic capacity assessment
Four to five days before the start and after the end of the HA period, the subjects performed an aerobic capacity test in a thermoneutral environment (23Ϯ0°C and 59.2Ϯ0.4% relative humidity). This temperature was chosen because aerobic capacity is diminished in the heat and we did not want to have this confounding effect on this variable. These tests involved walking/running on a treadmill starting with 3 MET intensity followed by increases in the speed and grade that resulted in increases in 3 MET every 3 minutes until volitional exhaustion (Fielding et al., 1997) . Exhaustion was defined when subjects could no longer maintain the predetermined speed, or voluntarily stopped running. If heart rate was not higher than the maximal heart rate predicted by age and if V CO 2 /V O 2 was lower than 1.1, the test was not considered and the subject was excluded. Expired gases were collected in a gas analyzer chamber and analyzed breath-by-breath to derive peak oxygen consumption (VO 2peak ) by means of a gas analyzer (BIOPAC System MP35) previously calibrated using a standard gas mixture. The VO 2 from the last minute of exercise was assumed as VO 2peak .
Hydration status
To guarantee the euhydrated state and normal sweating responses, subjects were instructed to drink 500 mL of pure tap water 2 hours before each experimental day began. Hydration status was assessed by urine specific gravity (U g ) both before and after each experimental day session using a portable refractometer (JSCP-Uridens, São Paulo, SP, Brazil) previously calibrated with distilled water. The subjects were considered euhydrated when U g Ͻ1.030 (Armstrong, 2000) . During the acclimation period water intake was provided ad libitum. In all experiments subjects wore shorts, socks, and running shoes.
Thermodynamic equations
In order to assess the heat exchange parameters in days 1, 6, and 11 of the acclimation period, we used the set of thermodynamic equations. Heat production (H) was calculated as (Nielsen, 1996) 
, where, v is the running speed in m · s
Ϫ1
, m is the subject mass in kg and A D is the body surface area in m 2 . Heat storage (S) can be calculated as (Nielsen, 1996) 
, where 3480 is the specific heat of body tissues (in J · kg Ϫ1 ·°C Ϫ1 ) and Dළ T b is the change in mean body temperature over the exercise period (t) in seconds. The heat exchange by radiation (R) and convection (C), in W · m Ϫ2 , were calculated according to Nielsen (1996) :
where T ra is the mean radiant temperature of the walls of the climatic chamber, T a is the ambient temperature, and 5.2 and 8.3 are the heat coefficients (in W · m Ϫ2 ·°C
) for radiant and convective heat exchange, respectively. Evaporated sweat (E sw ) can be calculated as the residual component from: E sw ϭHϮ RϮCϮS. Sweating efficiency (h sw ) was calculated by the ratio of E sw toṀ sw , or the percentage of sweat evaporated from the sweat produced (Frye and Kamon, 1983) . Skin wettedness (w sk ) was calculated as the ratio between E sw and the evaporative capacity of the environment (Candas et al., 1979a) . Thermoregulatory efficiency was assumed to be the ratio of the accumulated heat(S)-to-the total heat load (HϩRϩC).
All thermodynamic parameters calculated were from the entire period of exercise, i.e., 60 min.
Statistical analyses
Two-way repeated measures ANOVA was used to compare local sweat rate values, body temperatures, and heart rate, and one-way repeated measures ANOVA was used to compare calculated thermodynamic values. When a significant F value was found we performed a Student Newman Keuls as a posthoc. Regression analyses curves were constructed and the r value calculated. Pearson's correlation was used to evaluate the significance. The a level was set at .05. Data are shown as meanϮstandard error of the mean (SEM) unless otherwise stated. Table 1 shows that maximal heart rate, peak oxygen consumption, maximal rating of perceived exertion, and maximal ratio V CO 2 /V O 2 were not different between the pre-and post-acclimation aerobic tests and that subjects reached maximal effort during them. Body weight after acclimation (79.74Ϯ1.91 kg) was not different in comparison to before acclimation (80.48Ϯ1.92 kg; pϭ0.86).
Results
HA was confirmed following the 11 days of exposure by reduced resting heart rate, increased whole-body sweat rate, and decreased average exercise mean skin temperature (pϽ0.05 to all; Table 2 ).
Local sweat rate in days 1, 6, and 11 of the acclimation period is shown in Fig. 1A . None of the analyzed sites showed significant increments in local sweat rate by day 6 (pϾ0.05). However, local sweat rate from the arm, the forearm, and the thigh were increased by day 11 in comparison to day 1 (pϽ0.05), while local sweat rate from the forehead and the chest were not altered (pϭ0.34 and 0.17, respectively).
Regional sweat rate redistribution is shown in Fig. 1B . There was no difference in the increase in local sweat rates among the sites analyzed. Stratified to the limbs versus the trunk, however, we found a higher increase in the limbs (limbs: 132Ϯ5% and trunk: 112Ϯ2%; pϭ0.001). Figure 1C shows that local sweat sodium concentration was not different between days in all sites. However, as sweat rate influences sweat sodium concentration, we divided the local sweat sodium concentration by the local sweat rate, in order to evaluate sweat sodium concentration to a given sweat rate. As shown in Fig.  1D we found that the local sweat sodium concentration per local sweat rate was reduced in the arm on day 6 in comparison to day 1 (pϽ0.05), and a further decrease on day 11 in comparison to day 6 (pϽ0.05). In the forearm and the thigh there was only a significant reduction on day 11 in comparison to day 1 (pϽ0.05). Figure 2 shows the changes in local sweat rate and in the percentage contribution of the different surface areas during the heat acclimation protocol. It can be observed that there was an increase in arm, forearm, and thigh contribution to local sweat production. Furthermore, the relative contribution of the limbs increased from 49.8% to 52.9% (pϽ0.05), while the Table 2 Resting and mean exercise heart rate, mean exercise rate of perceived exertion, mean power output, whole-body sweat rate, average exercise rectal temperature, average exercise average skin temperature, and mean exercise mean body temperature on days 1, 6, and 11 of HA relative contribution of the forehead and the chest decreased from 50.2% to 47.1% (pϽ0.05). The core-to-skin temperature gradient was increased on day 11 compared to day 1 (day 1: 2.10Ϯ0.24°C and day 11: 2.45Ϯ 0.30°C, pϽ0.05). This gradient is a measure of the thermal conductance of the body shell (Kenney et al., 1990) .
Local skin temperature is shown in Fig. 3 . There were no differences among days in the forehead temperature (pϽ0.05, Fig. 3A) . However, the chest, the arm, and the forearm skin temperatures were lower on day 11 in comparison to day 1 from 36 minutes of exercise to the end of the protocol (pϽ0.05 to all; Figs. 3B, C and D, respectively). The thigh skin temperature was not different among days 1, 6 and 11 (pϽ0.05; Fig. 3E ).
The diet content was within normal values and did not vary during the protocol. Mean caloric consumption was 11,800Ϯ 300 kJ/day, 55Ϯ0.9% carbohydrates, 16Ϯ0.5% proteins, 29Ϯ 0.9% fat, 1980Ϯ97 mg of sodium. Table 3 shows the thermodynamic parameters calculated in days 1, 6, and 11 of HA. Greater H in day 11 was found due to the higher running speed of the subjects required to maintain the 1°C increase in rectal temperature (pϽ0.05). There was a greater heat gain from R and C because of a reduced ළ T sk after the adaptation period (pϽ0.05). There was no significant change in S following the adaptation period (Table 3 , pϭ0.086). As the H, R, and C were increased, the accumulated heat-to-total heat load ratio was reduced (Table 3) , meaning a higher thermoregulatory efficiency. E sw and w sk were higher after the adaptation period (pϽ0.05 to both). Nonevaporated sweat, calculated as the difference between Ṁ sw and E sw , was also greater (0.15Ϯ0.04 and 0.26Ϯ0.05 liters on days 1 and 11, respectively, pϽ0.05). However, even with a greater nonevaporated sweat, we did not observe a significant difference in h sw (pϭ0.073, Table 3 ).
The increase in whole-body sweat rate led to increased w sk (rϭ0.63; pϽ0.01, Fig. 4A ) after the adaptation to exercise 6 Acclimation to Heat in Tropical Natives in the heat. The higher w sk on day 11 accounted for the higher E sw (rϭ0.86; pϽ0.0001, Fig. 4B ). The increase in thermoregulatory efficiency was related to increase in E sw (Fig. 4C, rϭϪ0.8; pϭ0.0002) . Interestingly, the limb sweat rate, but not the trunk, was correlated with the increase in w sk (Fig. 5A, rϭ0.75, pϾ 0.01 and Fig. 5B, rϭ0 . 08, pϾ0.05) , with the increase in sweat evaporation (Fig. 5C, rϭ0 . 59, pϽ0.01 and Fig. 5D, rϭ0.2, pϾ0.05) , and with the increase in thermoregulatory efficiency (Fig. 5E, rϭϪ0 .73, pϽ0.01and Fig. 5F , rϭϪ0.14, pϽ0.05). 
Fig. 4
Correlation between whole-body sweat rate and skin wettedness (A), skin wettedness and sweat evaporation (B), and sweat evaporation and thermoregulatory efficiency (C).
Fig. 5
Correlation between the limb (A) and the trunk (B) sweat rate and skin wettedness; the limb (C) and the trunk (D) sweat rate and evaporated sweat; and the limb (E) and the trunk (F) sweat rate and thermoregulatory efficiency.
Discussion
The main and novel findings of the present study are as follows: 1) HA elicits local sweat adaptations in tropical natives, with a preferential increase in local sweat rate in the limbs in comparison to the trunk and a reduction in sweat sodium concentration in the limbs; 2) after the acclimation period there was a higher percentage of the skin covered by sweat (skin wettedness), which may be responsible for the higher sweat evaporation rate with no difference in sweating efficiency; and 3) local skin temperature was reduced during exercise in the chest, the arm, and the forearm on day 11 in comparison to day 1, showing that probably sweat evaporation on these sites is increased after HA.
In this study the regional sweat pattern changed: in general, the local sweat rate increases, and we found this to be true in the arm, the forearm, and the thigh on day 11 in comparison to day 1. We also observed a tendency for sweat redistribution towards the limbs: the sweat rate from the thigh, the forearm, and the arm showed a significant increase of 70%, 24%, and 35% (pϽ0.05 to all), respectively; on the other hand, the forehead and the chest did not show significant changes (11% and 12% increases, pϾ0.05 to both, respectively). Shvartz et al. (1979) also used a constant work rate (50% V O 2max )in the heat (40°C and 48% rh) for eight days and found sweat redistribution towards the limbs: the increase in the arms and the thigh was higher than that of the chest. Regan et al. (1996) used an environment similar to the present study and observed an increase in the forearm sweat rate in comparison to the forehead, while Patterson et al. (2004) studied the effects of a period of humid HA on sweat redistribution and observed that although there was sweat redistribution, it did not follow the trunk-to-limb pattern. They suggested that those sites where sweat glands are below their capacity show the highest increase in sweat rate. Our results partially support this hypothesis. Regions that showed the smallest sweat rates on day 1 were the ones that presented a significant increase on day 11, while those that were probably closer to their capacity did not show any increase.
In the present study we found an increased sweat rate in the limbs in comparison to the trunk (sweat redistribution) and increased skin wettedness. There has been previously observed a relationship between local sweat rate redistribution and skin wettedness following HA (Candas et al., 1979a) and in the present study there was a positive significant correlation between these two parameters. Furthermore, the increase in the limb sweat rate was correlated with the increase in sweat evaporation and thermoregulatory efficiency. These data suggest that sweat redistribution in response to HA is an important adaptation to increase heat tolerance during exercise in the heat.
There are reports of diminished sweating efficiency after HA due to higher skin wettedness (Kolka et al., 1984; Candas et al., 1979a) . In the present study we found an increase in skin wettedness probably because of the sweat redistribution.
However, contrary to previous studies that investigated HA in nontropical natives, we did not observe a difference in sweating efficiency. This difference may be due to the fact that our subjects were partially adapted to heat and when exposed to a period of artificial acclimation increased sweat evaporation and maintained the same sweating efficiency. The precise mechanism responsible for this difference is not clear and has not been addressed in the present study; however, increases in sweat rate can occur by increasing the number of active sweat glands, sweat gland output, or a combination of both. Peter and Wyndham (1966) showed that the maximal number of activated sweat glands does not change in response to a period of HA in nontropical natives; while Kuno (1956) has shown that the number of active sweat glands is higher in tropical natives in comparison to nontropical natives. Therefore, it is possible that one of the adaptations elicited from chronic exposure to heat is the increase in the number of activated sweat glands and that this adaptation could induce higher sweat evaporation for a given sweat output in comparison to increasing sweat gland output. However, as we did not measure the number of activated sweat glands, we can only speculate on this mechanism and it would be interesting to investigate the acclimation to heat in tropical natives at the glandular level in future studies.
We observed higher Ṁ sw after the adaptation period, a finding recurrent in the literature (Patterson et al., 2004; Machado-Moreira, 2005) . Increased Ṁ sw is partly responsible for the higher w sk and E sw also observed, (Mitchell et al., 1976; Candas et al., 1979b) ; however, as shown by others (Mitchell et al., 1976) , Ṁ sw was also related to an increase in the nonevaporated sweat. Belding and Hatch (1955) have stated that nonevaporated sweat should not be considered physiologically inefficient, because oversweating is necessary to satisfy the w sk requirements, which, in turn, has been found to be responsible for the higher E sw (Berglund and Gonzalez, 1977) . Candas et al. (1979b) suggested, therefore, that the role of HA is to develop the required w sk for sweat evaporation. However, despite the increase in nonevaporated sweat, we did not find a reduction in h sw . Differently, Candas et al. (1979b) described an augmented drippage of around 30% to 65% of the sweat produced being wasted while Mitchell et al. (1976) found a 200% increase in sweat drippage, which led to lower h sw . These differences might be related to the higher evaporative capacity of the environment employed in the present study. Thus, we showed that when the environment is suitable for sweat evaporation, E sw and w sk are enhanced with no concomitant decrease in sweating efficiency.
Lower local skin temperature as observed in the present study after HA means that more sweat was evaporated. It is interesting to note that following HA we observed significantly reduced skin temperature in the chest, the arm, and the forearm and no significant difference in the forehead and the thigh (pϾ0.05). As the sweat rate increases, one could expect higher sweat evaporation as well and this was the case for the arm and the forearm but not for the thigh. The reason for that is unknown but it could be reasoned that the arm and the forearm increased its local sweat rate by means of a higher number of activated sweat glands. Furthermore, the diminished evaporative rate in the thigh could be related to a lower convection rate due to its lower position in the body (Porter, 1993) or because the increase in sweat rate observed was due to an increase in the sweat output per gland. In addition, it is known that convective heat transference is dependent upon the radius of the body segment (Ducharme et al., 1991) so the thigh heat coefficient transfer is lower than the arm and forearm, which might lead to lower sweat evaporation in the thigh compared to the arm and forearm, even though its local sweat rate increased during HA. Interestingly, although the chest did not show an increase in sweat rate, its local skin temperature was reduced after the acclimation period, showing that there was more sweat evaporation but no increase in sweat production. We do not know by which mechanism the chest could increase its sweat evaporation without increasing local sweat rate; however, the chest is a very vasculated region with high blood flow (Shvartz et al., 1979) and, therefore, if the acclimation protocol employed in the present study increases chest blood flow, more heat would be transferred from the blood to the skin and from the latter to the environment through sweat, leading to more sweat evaporation for a given sweat rate. Therefore, it is possible that in the present study some skin sites increased sweating efficiency (e.g., the chest) and others reduced it (e.g., the thigh) so that whole-body sweating efficiency was maintained equally throughout the acclimation period but with increased skin wettedness and sweat evaporation.
We found a higher core-to-skin gradient after the adaptation period partially related with the increased E sw (rϭ0.64, pϭ 0.009), representing a facilitated transport of heat from the core to the surface of the body and from the latter to the environment. This finding is corroborated by some (Candas et al., 1979b , Rowell et al., 1967 but not by others. (Patterson et al., 2004; Mitchell et al., 1976; Kenney et al., 1990) . In the latter studies, a hot and humid environment was used, which limits sweat evaporation and, therefore, the reduction in skin temperature. Furthermore, wind speed, known to alter convective heat coefficient and, therefore, evaporative heat coefficient, was slower in those studies, which also limits sweat evaporation. We believe that those environmental conditions that differ from the present study could, at least in part, explain the difference in the core-to-skin gradient found.
Some studies have found a reduction in the concentration of sodium in the sweat following HA (Kirby and Convertino, 1986; Allan and Wilson, 1971; Nielsen et al., 1997) , while others have not (Armstrong et al., 1989; Inoue et al., 1990) . In the present study there was no change in local sweat sodium concentration after the acclimation period. Armstrong and Maresh (1991) suggested that sweat sodium concentration reduction occurs only when there is simultaneous diet sodium restriction, and that adaptation is an important factor for sodium conservation. The subjects of the present study maintained their regular diet and did not have any sodium restriction. In fact, they had a normal diet sodium content (ϳ2000 mg/day) and this may be the reason for the nonsignificant change in sweat sodium concentration in the present study. Studying HA on Malaysian subjects, Saat et al. (2005b) observed higher sweat sodium concentration at rest after the protocol and a nonsignificant difference in sweat sodium concentration during exercise. It is known that sweat sodium concentration is influenced by sweat rate because electrolyte reabsorption is diminished due to augmented sweat rate (Saat et al., 2005b) . To take this effect into account, we divided local sweat sodium concentration by local sweat rate. In fact, when relative to local sweat rate, sweat sodium concentration was reduced. This effect was recently observed by Buono et al. (2007) . These authors observed that the y-intercept of the sweat sodium concentration with sweat rate was reduced, thus leading to a lower sweat sodium concentration for a given sweat rate following HA. Lower sweat sodium concentration is possibly brought by altered sweat gland responsiveness to aldosterone (Kirby and Convertino, 1986) . The results found in the present study suggest that HA increased sodium reabsorption capacity of the sweat gland in tropical natives.
It could be speculated that the reduction in sweat sodium concentration found in the present study could partially account for the increase in sweat evaporation also observed. However, this seems unlikely since it was previously observed that the heat of evaporation of sweat with a much higher salt content does not differ from that of pure water (Snellen et al., 1970) .
The fact that our subjects were tropical natives might have influenced some of the responses found in the present study. It has already been shown that tropical natives are more efficient thermoregulators as they rely less on sweat production and evaporation for heat dissipation than nontropical natives (Hori, 1995; Saat et al., 2005a) . Evidence of the partial state of adaptation of the subjects of the present study is the nonsignificant change in resting rectal temperature after HA. In fact, there was a tendency to increase resting rectal temperature (pϭ0.07). In agreement with this finding, Shapiro et al. (1981) found no difference in rectal temperature of individuals subjected to HA in the summer, while a significant reduction was found in the winter. Saat et al. (2005a) suggested that tropical subjects presented higher rectal temperature than temperate subjects during exercise, and Nguyen and Tokura (2003) speculated that this adaptation could be ecologically helpful in water saving.
In conclusion, our results show that HA improves sweat function in tropical natives. There was sweat redistribution towards the limbs without a concomitant change in the sweating efficiency. This redistribution correlated with an increase in the percentage of the skin covered by sweat, enhanced sweat evaporation, and higher thermoregulatory efficiency.
